Lawrence Berkeley National Laboratory
Recent Work

Title
FLUORESCENCE DECAY OF THE 0+u AND lu STATES OF Xe2

Permalink
https://escholarship.org/uc/item/3cv184fm|

Author
Thornton, G.

Publication Date
1978-10-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3cv184fm
https://escholarship.org
http://www.cdlib.org/

Submitted to the Journal of Chemical Physics

FLUORESCENCE DECAY OF THE O: AND 1u STATES OF Xe,

LBL-8861C . &2

Preprint

G. Thornton, E. D. Poliakoff, E. Matthias, S. H. Southworth,

NEOEIVE
v e TR

UL Y LABQRALLRY
APR 111979

LIBRARY. AND

‘ Iuiﬂkﬂﬁﬁﬁfﬂs,ﬁﬁﬂithhL

R. A. Rosenberg, M. G. White, and D. A. Shirley

October 1978

Prepared for the U. S. Department of Energy

under Contract w-7405-ENG-48

-

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.

For a personal retention copy, call
Tech. Info. Division, Ext. 6782

)

~

No - AP — TCT



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-8861 C e
: ‘ —lllf
/ FLUORESCENCE DECAY OF THE 0: AND lu STATES OF Xe2

G. Thornton, E. D. Poliakoff, E. Matthias,+ S. H. Southworth,

R. A. Rosenberg, M. G. White, and D. A. Shirley
Materials and Molecular Research Division
‘Lawrence Berkeley Laboratory
and
Department of Chemlstry
University of California
Berkeley, California“94720
October, 1978_
ABSTRACT
Synchrotron radlatlon from the Stanford storage ring- (SPEAR)
was used to measure the radlatlve decay constants of the lowest-
lying exc1ted electronic states of Xe2 Both a monochromator
and 1nterference filters were used in the fluorescence channel.
- The results suggest that at low pressures,(PXe<:125 Torr) there
is substantial deviation ffom the Stern-vVolmer behavior predicted
- by the three-state models used previously to describe this lasing
system. A new theoretical analysis was developed that includes

partlclpatlon in the klnetlc scheme of 1ntermed1ate v1brat10nal

levels of the 0u and 1u manlfolds.

*This work was performed at the Stanford Synchrotron Radiation
Laboratory, which is supported by the NSF Grant No. DMR 73-07692
A02, in cooperation with the Stanford Linear Accelerator Center,
and was done with support from the Division of Chemical Sciences,
Office of Basic Energy Sciences, U. S. Department of Energy.
tPresent address: Institut fir Atom und FestkOrperphysik, Freie
Universitat Berlin, 1 Berlin 33, W. Germany.



I. | INTRODUCTION_

bThere has béeﬁ a greét deal of recent intereét in the use
of electronically excited sYstems as ultraviolet lasing media.”
For the contihued devélopment of these‘lésefs, a detailed know-
ledge of the dynamics of the‘lasing transitions is desirable.
In particular, the lasing éfficiehcy is-diétated by the pqpu1a-
tion inversioh, which depends5strongly on the lifetime 6f thé
'upper level.. | |

The lasing.transition'in Xe2, centered at'l7008,'involves
fadiat@ve decay of both the-(vibrationally relaxed) 0; and.lu
excitedlstates to the O; gréﬁnd‘state (see Fig. la).z Maﬁy
atfempts have been made to understand the.Salient dynamic prc-

2-

cesses(of this 3ystem by the use of electron, 8:alpha—particle;9

and optidai:.Lo—l4 excitation at a number of sémple pressures.

The eiectron andﬂalpha;particle éxcitation mbdeS»inVolve in-
diredt_excitationfmechanisms; ng., the_formatidnlOf_Xez(Oz)b'
via three—body'collisions.2 'in’the case of opfiéal exqitation
the situatién is rather_confused"sihce_previous workers have used
a variety of'exéitatioh energiéé;'MQSt of the ehérgies chosen would
allow'the formapioh of exciped'staté§ in xez via cfeation of

. Xe(3Pl’é)_atomic States,»as,ﬁell.as by population of_thé O:
andvlu manifolds directly ﬁrom:fhe_og gfoﬁha state. This com-
plicafion‘méy well_Vitiaté the conclusions that have been made
',about thévoz_énd lu lifetimes,‘evenvthdugh.photon excitatioh
‘should. in principle yield the least-émbiguoué results. In fact,

- previous work on Xe, has led to the proposal of several decay
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mechanisms and has yielded a wide range_of T and To+ values,
' u

II
u

summerized'in Table I.

In an etteﬁpt to clarify the sitUatien we have used puleed
monochrqmetized synchrotronfradiation to populate the upper
'vibratioﬁal levels of the Oz end lu electronic states of Xe2
directly from the xo; ground state. Direct populatidn of the
‘iower‘levels is notepossibie becaﬁse of  their negiigible.Franck-
'Condon“overlap with_the_bound peftien of the Xoglmanifold.

Three types of time-resolved experiments Were employed. The
- first involved monitoring the monochfomatized fluorescent decay
erm the ﬁpper (fifst contiﬁuum) and lower (second continuum)
vibrational levels of tﬁe 0; and lu states. The second was
eoncerned with the measurement of total fluorescent decay at
'variousnsample pressures. The same sample pressures were used
'in the third type of experiment with interference filters in
the fluorescence channel, which were used to emphasize fluorescent
deeay'from the upper, and the lower vibfetional‘levels of Xe2
(o:,lu).- Section II deScribes.the apparaﬁus ahd the measurements
that were carried out. In Section III the results obtained in the
monochromatized.(IIIA), total (IIIB) and filtered (IIIC) fluores-
cence experiments are described and compared with calculations
based on a simple kinetie model. The overall conclusions of this
" work are presented in Section IV.
II.‘ EXPERIMENTAL -

~ The characteristic synchretron pulse strﬁctu;e at the

Stanford Synchrotron Radiation Laboratory. (SSRL) (0.4 ns width,

780 ns repetition period) was utilized as a time base for time-
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resolved'spectroscopf.ls_ Monochromatized radiation (8.78 PwuM)
.from the 8° branch llne at SSRL was used for exc1tat10n.

A schematlc dlagram of our apparatus is shown\ln f1g. 2.
Monochromatized radiation enters a bakeable UHV chamber before
passing through a Li? window into a gas cell. Fluorescent
radiation can then be detected below the cell. To ensure that
no significant:amOunts of impurities wererpresent in the sample,
absorption spectra were neasured usingvan_optical photomultiplier
(PMT) placed along the beam axis. A sodinm‘salicylate'film on
theradjacent pyrex window‘served as a scintillator.

The monochromator experiment,employed a highly polished;
.PtAcoated quartz toroidal mirror16ito'focus.fluorescent radia-
tion onto thenentrance slit of,a.GCA/McPherson'218’monochromator
(operated at 50& band pass). Because of.the very low counting
rates KZs_l) encountered in the monochromatized fluorescence
measurements, it was 1mpract1cal to collect decay data at more
than one pressure u51ng thlS apparatus.v.However,epressure
dependence of the non—monochromatlzed, total fluorescence decay
was'measured._ In addition, broad-band interference filters were
used,vchosen”to.emphasize the two fluorescence continua separately:
11325 + 928, and 1710 + llOﬁI(Acton Research‘Corporation). (The
13258 filter was chosen because wings of transmission stressed’
the vibrationally’unrelaXed levels.) . In this arrangement both
the filteér and the.PMT window could be placed’Within 1l cm of the
interaction region};S resultlng in . typlcal countlng rates of

11500 s_l. 'In all experlments an EMR 510G photomultlpller tube
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was used to détect the fluorescence. This PMT has a ﬁniform
resbbnSe'over thé'Wave;lengﬁh range under study. Using Rayleigh
(prompt) scattéring the overall ﬁime.resoluﬁion was found to be
..];.!G_nsv»(FWHM). | | |

 All studies were carried out at ambient temperafure (294K).
The éample preésure bf the 99.995%.pure xenonh was 68 Torr in
- the monochromator'expériment and 5, 11, 25, 6$,'and 125 Torr
"in the total fluorescence and.filter experimehts, as measured
using a calibrated trahsducer (I.C. Transducers, Inc.). Under

~

varies about a mean

these conditions the partial pressure of Xe,

of =0.001% of the total pressure.

III. RESULTS AND DISCUSSION

A. . Monochromatized Flubrescence

-Absorptibﬁ éf monochromatized radiation by Van der Waals'
.molecules in £he ground'state yiélds the upper excimer state(s) .-
At the resolution used for this study (8.78 FWHM in excitation)
it is poésible to irradiate selectively below, at, or above the
dissociation energy of a given excimer stéte. ‘However, resolution
‘in the fluorescence spectrum of fine structure within a vibronic
‘manifold is not pOSSible-_'btherslo’ll'have found the fluores-
. cence spectrum, recorded with iesdlution >20R FWHM, to have two
broad bands centered at ca. 15108 and Si; 17008. These afe |
termed the "first cohtinuum"_and "second continuum", respec-
tively. They are thought to arise from transitions from the

‘top and bottom of the 0: and 1 manifolds (see Fig. la). We

gqualitatively reproduced these'spectfa, though our excitation

J
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wavelength was 1508R& and our'fluo;escent'band pass was 508 FPwuM .
(see Fig. 1b). By‘exciting.at 15088 (>2kT below the 3P2flso
atomic resonénce'atvl4918);-we were able to avoid much of the
complexity associatéd with atomic metastable productionlO and
extract the relevant lifetimes repdrted below. Figufe.3 shows
time-resolved fluorescent decay cﬁrves taken at fluorescence
wavelengths that emphasize the twd continua separately.

A pseudo-potential calculation by Ermler,»Lée, and pitzer'®
predicts a change in Ozvraaiative lifetime from gg; 3 hs at thé_
top of the manifold to gg. 5 ns at”the bottom.v The corresponding
values for the lu>£adiative lifetime are expect to be ca. 40 ns |
at the top, and ca. 160 ns at the bottom éf,the manifold. This
variation in lifetimes arises for three reasons; firstly, a change
in coupliﬁg from Hund's case (a).at short-iﬁternuélear distance

18a Secondly,

to case (c) coupling at large internuclear distance.
spin-orbit COupling mixes a-lHu staﬁe into the.lu manifoldvat-
large values of ipternuclear;diStance, whiéhvserves to increase
the lu-Of‘transition moment; The third feason for the variation
in radiative lifetime with internuélear‘distance is the well-
known‘\')3 dependence of dipole transition probability;
.Only'a'single, short-lived (r =.2.l:t0,1 ns) coméonent
~is observed at the first continuum wavelength of 1514 25£
(Fig. 3a). The calculations of Ermler,‘Lée,.and Pitzefls indi-
cate that_the_Oz stéte will be preferentially populated‘oﬂ
excitation (by a factor of lo'ove; 1u production); hence it is

‘likely that fluorescence at the first continuum arises mainly
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from thevdecéy Qf the 0: state. Furthermore, at 68 Torr the
~decay of upperAvibrational levels of both states is étrbngly
influenced by collisional effects. Véry short lifetimes
(%1;6 ns; our instrumental response) are thereforé expected
for both states, and it is unlikely that the relatively weak
| lﬁ-first“continuum component would bé resolved in our experi-
‘ment;. | |

 Fluorescence at‘the second continuum energy yields twd
decay cbmppnents (rig. 3b; the shérter cdmponent is depicted
more clearly on.én expanded time scale in Fig. 3c). We assign
these two domponents to decay of the lowest Vib:ational levels

19 (6.9+0.3 ns) and of the 1 level (112:

of the O; manifold
2:hs), respectively, in approximate agreement.with other workers.
All but the lowest yibrational levels df the 0; and lu
mahifolds can decay éither tadiatively or via coilisions. The
lblifétime of either the_OZ or lﬁ state obtained at the first

contintium is a composite of these two processes; i.e.,

-1 _ -1
1 T 1

+ kP

where Ty is the radiative lifetime of the uppér levels, k is

the rate constant for.coilisional decay and P is the Xe pressure.
Thélqwes£Vib;ational‘levels of the O; and 1 manifolds

are populated collisidnally:from upper levels. Hence, in the

‘high-pressure limit the derived lifetimes approach the tfué

‘high-pressure radiative lifetimes at the second continuum energy.

The rate equations governing this system are just those of two
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radioactive decay series deeaying independently in cascade
(aSSUming'no intersystemlcrossing), with only the first of
. each spec1es 1n1tially present This problem was solved

analytically by Bateman.%0

While it is completely stralght—
forward to apply the Bateman equation-tOma decay chain of any
length, we shali for brevity consider theucase of two consecu-
tive decays for each manifold,vto compare our'Oz and lu 1ife—/
times with tnose of Bonfield, et,‘al.21 ‘The decay rate from
the bottom of each electronic manifold, following a single=-
'steplcollisionelly—induced deactivation mechanism from the top
ofvthe manifold, is given.by |

an, ~t/1 . (o) 4 kp)e

- C[e or2 e rl ]

dt
where frz is the'lifetime in the second continuum; i.e., at the
bottbm of the menifold, Tyl and kP are as defined above, and C
"is a constant.- The:fluerescence intensity from the second con-
tinndm;sz/dt,rises thrdﬁgh a.maximum'then decreases with_time
with a behavior'epproaching‘expenential deCay'in the limit t » .
vawe-chbdse a reference_time T weil beyond the maximum intensity,
and if tne conditions‘r;i + kP 55.1;;,(T;i

~fied, then the characteristic time intervalfa over which dN7/dt

+ kP)T >> 1 are satis-

decreases by a factor of e will quite cldsely approximate the

true decay time Ty2*
-1

T/ and (1 1+ kP) by the expression

We may relate our measured value of Ty to

, -1 o _ . -1 . |
-T/Trz —(rrl + kP)T [-ﬂ?+_r?/Tr2' -(Tr1 + kP) (T + Tzﬂ
e -e _ - =ele . T - e :

(1)
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Bonfield, et al.‘,21 wdrking at P, >500 Torr, found, at the

second continuum, lifetimes of 4.8 ns (0;) and 100 ns (lu) and

. -1
a :feeding rate, (Trl

+ kP), ‘of 0.179 ns™l. Using Eq. (1) these
valueé suggest measured lifétimes T2-at_68 Torr of ca. 8vns (0:)-
.and 101 ns (lﬁ). The remaining discrepanéy between our'results
and theifs probably arises from several factors. For example,
:ét'68 Torr a mulﬁi—level’model is_required to describé the decay
kinetics, i.e., the,two décay modelvis,an oversiﬁplification.'

In addition, theilifetime L may.actually be pressure~dependent-"
.at high pressures, especially for the long (lu) component,

It is peftinent'at this point to cémpare our results with

4 Gho investigated the second continuum

those of Ddtuit; et al.,
fluorescence of Xe, using the ACO storage ring. They also
utilized a monochromator in the.fluorescence'channel,’set at

1750 + 208 and 1730 + 20&. At their longest exéitation'wave-
iength (1493&) they observed a two-component decay, With the |
first lifetime increasing from 6.0ns at 50 Torr to 10.8ns at

200 Torr and the second being ca. 500-700ns over the same pres-
'sure range. . There is a 1argevdiscrepancy between our respective
results for the long component. The origin of this discrepancy
 probably resideé in the short (73ns) repetition period of Aco;.
which in this case will give rise to a poorly-defermined.back—
ground. Additionally, it could be due to the use of én excita- .
'tioh wavelength (1493K) which is within 2kT of the Xe 3P2 - Xe lS0

'absorption line, though there is fair agreement with our results

for the short component.



B. Total Fluérésqenée

| in general, least-squares fitting of the total fluorescence
data yielded a three-component exponehtial-decay.v The.results
of the déta analfsis are shown in Table II. The reciprocals of
..the long and intefmediate lifetime components are plotted agaihst
pressure in Figs. 4 and 5. .If is.clear that they deviate from
‘the‘Stern-Volmer type of behavior expected if the models uéed
previously to describe the system weré valid in this pressure
regime.ll Generally, these models have involved thé radiative
decay of the up?er populatgd‘levels of the 0: and 1u states |
(first cqntinuum) as well as non-radiative decav to the lowest
levels followed by radiative decay of theée lower levels11 (re-
sponsible for the.seéond continuum). A more rigorous model is
”éutlined beiow which allows for fluorescencevfme all vibrational
levels in the O: gnd 1u manifolds, as well as for collisionally
induced relaxation.

Excitation of Xe, at 15088 will populate vibrational levels
of the 0: and lu states near theitop of their manifolds (see
Fig. la). FolloWing excitation, tﬁesé levels can decay either
radiatively (to the xog ground state of Xeé) or via collisions
to lower Vibrationél levels. Intersystém crossing between the

0; and lu states is possible. However, Keto et al.17 found

that the rate constants ofvintersystem crossing are small (10—24-

10_22cm3ns-1) and they were nof_included in our calculation.

The decay of each manifold was represented in our model
: / . . .
by the following reactions:
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o+ : i e '
Xez(og)v+ hv _Xezrvéso(lnstantangous)
k
, i 50 +
Xe, o _cg” vXez(Og) + hv
i kl . "
Xe + Xe2 V=Sof—§g—Xe + Xe2 v=49
x :
i .49 ot -
Xe), v=49 Xez(og) +.hv
' . ki, | L (2)
i - T4 i _
Xe + Xe2 V=49—————Xe + Xez v=48
i 0 +
Xe, v=0 Xez(og) +hv
i=0"or1
u u

The radiative decay constant of the 0: manifold was varied

‘linearly with v from k., = 0.3861ns™ 1 to kg = 0.1859ns-1, the
[
2 =1

corresponding values’for the lu.state being 2.564 x 10 “ns
‘and 6.212 x 10—3ns-l. These recibrocal radiative lifetimes were

taken from the pseudo-potential calculations of Ermler, Lee,

and'Pitzer.18 They are values found at poinfslon the 0; and

1u potential curves, and Franck-Condon effects were not included

in the calculation.- The non-radiative decay constants were also

18

varied linearly, from k!, = 4.4 x 10~ en’ns ™t to ki =1.76 x

50
10_190m3ns-1. These values were used for both_excited state
'manifolds; they were estimated from values found for the ng

system.
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The differential equations pertaining‘to the reaction
>scheme (2) were integrated numerically using a computer program
which has been desctibed;elsewhere.23 When the calculated total
fluorescent intensity'is plotted as a funotion of time aftet
excitation, one would expect the_resulting decay curve to con-
tain 50 components, one.for each Vibrational levelvinvolVed in
the‘calculation. However; it was found that this curve could
be quite'accurately‘de5cribed;by only two effective'decaj com-

Kyt -k,t

ponents; i.e., by a curve of the form Ale— 17 + Aje "2°. The

variations Of'Kl and K7'for both the 0+ and l states'are shown
in Pigs. 6 and 7. This was found to be true For both the simu-

lated 0u and 1,, decay schemes. :
It seems clear that the long decay component (Flg. 4) is

_ due,to the fluorescent decay of the lu manifold, because its life-
time is considerably longer than that found for other components
(both measured and calculated). The variation of this component -
| with pressure (Fig. 4) is followed gqualitatively by the calcu-
lated curve (Fig. 7) ana it can bevthought of as arising ftom :
the change in the population distribution of»lu'vibrational levels
as a function of pressnre and time after photoexcitation. The
variation of the’short component of the calcnlated lu decay

(Fig; 6) can be ascribed to a decrease inanon—radiative life-
_tiﬁe with increase in pressure (Stern~Volmer.behavior). Similar
effects are apparent in.the calCulatedlfluofescent>decay~of‘the
0; state (Fig. 6). | |

The behavior of both the 1ntermed1afe and short llfetlmes,

“found experimentally (Table II andvFlgf 5) are rather more dlffl-

cult to rationalize. It seems'likely that the intermediate
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lifetime represénts_a measured éveraje of‘the'dalculated short
‘1, and long 0; component (Fig.'G),.the_averaéing being an artifact
. of the least squares fit. To illﬁstraté this point Qe compare, in
'Fig. 8, the éXperimental décay curvé obtéined—at 65 Torr (Fig. 8(a)),
"and the'calculated'0; and lu_decay-curVes for Pxé = 65 Torr (Fig.
8(b)), Thé calculated fluorescence decay from each ménifold was
'summed, with equai weightingvand adjusted to give the same peak
‘height as the experimenfal_éurve. This waé fitted to a three
exponential decay, the résulting lifetimes being 157.7(5) ns,
4.78(1) ns, and 1.903(8) ns. |
The shdrt lifetime (Table II) is assignedvto the short com-
pqnént of_thé.qalculated Oz.decay (Fig..Gf. Thé variation'of the
’expefimental short lifetime with pressure (Table II’ is somewhat.
similar to #hat obsérved for both the intermediate and long life-
‘times, although this measuremenﬁ is subject to the most error
- because it lies near the limit of our fiming capabilities (1.6 ns).
- The calculated short component of the 0; decay doesvnbt exhibit-ﬁhe
marked increase in T-l at low pressures present in the experimental
curve. This probably ari;és becauée of the relatively large Franck-
Condon overlap bétween the vibrationalllevels at the top of the 0;'.
fand‘lu manifolds and the ground Vibratioﬁal level of the Oz‘manifold.
Overall, the simple kinetic'model used is ih'qualitative agree-
mentvwith our measurements. waever, our results at 5 and 120 Torr,
which should approximate the radiative lifetimes of the upper and
1Qwér leves fespectively,.indicate_fhat the rgdiative lifetimes cal-
_culated by_Efmler, Lee, and Pitzefl8 are somewhat too lafge. It

should be noted, however, that Franck-Condon effects, which were not

included by these authors,l? may play a significant role.
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C.. TFiltered Fluorescence Measurements

As a further test of the OZ'and 1, fluorescent decay model,
iifetime measurements were also‘made,with'broad¥band interference
filters in the fluorescence channel. These were chosen to empha-
size fluorescehce from tﬁé first and the Seéond cohtinuum.' Thei
decay curves obtained were aéain.fittea £o~three cémponents.'

At pressures lower than 125 Torr the T, versus Pxe”durves
. _ _ a ,

_Obtaihed with and‘without a filter in the fluorescence Channel,
tend to divgrge (Fia. 4)5 This iliustrétes the deviation from a
'high pressure limit where fluorescence from only the lowest levels
of the 0: and 1u manifolds afe pbserved, because the'filters |
effectively weight:fluorescent decay froﬁ vibrational levels.
centeréd.afound their peak transmission. Some fluorescence

from the lower levéls is obSefved (at'g§,~l7ooﬁ).with the

1325ﬁ filter»becaﬁse the tail of its trénsmission function

extends into the second ¢ontinuum reqioh;

Similar effects occur in the variation of intermediate
'reciprocal lifetime with pressure. (Fig. -5), although because
of the-néture of this component the dispersion of the curves 
 per£ainingvto measurements obﬁained_With and without filters

' is expected to be more complex.

IV. "SUMMARY

In conclusiOn; we have removea some confusion regarding
»the decay'dynamics'of ﬁhe 0: and lﬁ.states of Xéz,'and have
made avconsistent,anaIYSis of their fluoreécent decay. To

: v ‘ - : 1
achieve this, an excitation wavelength > 2kT below the 3P2- SO
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absorption line was employed, tnus avoiding formation of
Xe2(0:,lu) by three;bedy collisions. The study was strengthened
by utilizing both a monochrdmatof_and interference filters in
the fluorescence>cnannel. By ufilizing the theoretical life-
time calculations18 we were>able te qualitatinely model: the
fluorescent deeay of the 0:(and 1u sfates of Xez. The decay.
dynamics can be summarized as follows.

(1) At P,_>100 Torr, the 0% and 1 states, populated

Xe
in their upper Vibrational levels, decay rapidly'and only
the lowef_level of each'manifoid fluoresces.

11

(2) At p,_< 100 Torr the relaxation data of others

Xe
- were interpreted previously simply on‘the basis of a two-
state (1St and 2nd continuum) model; howe&er, a detailed

study of the fluorescent lifetimes indicates that the
true situation is tooleemplex_for'this model to be valid.
~ Intermediate vibrational levels of the 0; and lu states
participate in the Einetic scheme, giving rise to a
measured three-componentvtotal fluorescent decay. All
, components exhibit a deerease in lifetime at PXe< 20 Tofr
and each can be assigned to the composite decay of vibra-
'tienal 1evels of the 0;1and lﬁ manifolds.
At very low pressures we expect, of course, to observe

just the radiative decay of those vibronic levels which

were populated by photoexcitation.



vv.;ls—.
Avmore cbmplete étudy, using a high degrée of mohochrdma4-'
"tiiatioh-inrthe:fluoreSCence ¢hanhél,‘is cleariy’;equiréé in
jorder to e1ucidaté further fhé decay:dynamicsqu this'éystem
and improﬁe on the model proposed. When much,highe:'inténsity
'pulséd syhchrbtron radiaﬁion-sources become'available, such?a'

‘study may be feasible.



Table I.

Compllatlon of llfetlme measurements of la51ng manlfolds of Xe,
(e.s.d.'s in parentheses)

2

. ‘Reference

T.,():(high-v)(ﬁs) T0:;(1ow V)(ns)). Tlﬁ(ns) T (ns)®
5.5(10) .96-5(50)».’ | "y
. 50 (20) 3
130(20) e
N 2000(500) 5
Q) 16(2.5) b
| 16(2) 7
2 60 | 12
| . lOZkZ) 9 -
6.0 T

770

“a) Unspecified.

b} Observed 280ns
excited state.

c) At 50 Torr.

decay‘and‘assigned it to a lifetime of a highly -

-9~



Table II. + T, at various P, _, using 13258 and 17108 interference filters, as well as

0 “Xe
u u’"u u '
no filter. All data were collected using Aex = 15088 and e.s.d.'s are shown in parentheses. It has been assumed that the short

Experimental values of 1 + l-' and T
4 N

lifetime is due to decay of Xe, 0:,-the intermediate lifetime is due to Xe, 0,1 , while the iong lifetime is due to décay of

2 "u'"u

Xe2 1u (see text).
p J t.+ (ns) Ta+ ~(ns) T (ns)
ressurex ou ou']_u lu
(Torr) no filter | 13258 filter { 17108 filter | no filter [ 13258 filter | 17108 filter | no filter | 13258 filter | 17108 filter
5 1.73(2) _— _— 7.4(4) —_— 6.4(8) 53.2(7) —_— 75.2(2)
Y
11 1.96(3) 1.44(5) 1{51(5) '13.64{5) —_— 8.6(6) 61.5(8) B — 75.(1)
25 2.57(2) 1.86(15 2.02(6) 17.0(2) _ ©18.5(6) 120.11(8) ——— 103.(1)
65 2.64(3) |- 2.21(3) 3.1(2) 8.3(2) 5.9(3), 10.9(7) 105.3(3) 78.2(9) - 83.1(4)
125 ©2.,15(11) 2.38(6) — 6.7(2) 6,2(6) ———— 107.5(2) 108. (1) 102.(1)
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levels in Xe, after Fink and Comes.
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- FIGURE CAPTIONS
(a) Pdtential curves for the relevant electronic
10
(b) Fluorescence spectrum of Xe,.
Schematic"diagram of the monochromatized fluores-

cence apparatus.'

‘Decay curves following excitation of Xe2 at 15088%;

(a) in the first continuum; (b) and (c) in the

~ second continuum. In (c) the time scale is expanded

to show the Ozrlifetime,

03 . -1, -1

107 x Tlu (ns ) versus Py

of 1; taken from Table II. (The lines connecting
u _

e (Torr), with values

_ thé data points were includédgfor clarity{)

lOzx (ns—l) versus P (Torr), with values

TOt,lu Xe
of Toz'lu taken»frOm.Table IT.
Calculated fluorescent decay of the 0; manifold both
short and,long, and the sho?t cbmponent of the 1u
manifold as a functionof Xe pressure.

Ccalculated fluorescent decay'ofAthe long component
of the lu manifold as a function of Xe pressure.
Experimental decay curve obtained at'65'Torf (a),
and calculated decay of the 6: and 1 manifolds at

u

PXe = 65 Torr (b). The calculated curve was scaled

to give the same peak height as the experimental

curve.
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